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1. INTRODUCTION 
ANTI is a computer program for three-dimensional PWR core 
transient calculations. It is a combination of the nodal theory 
neutron physics part of the BWR program ANDYCAP ~ and the sub-
channel thermal-hydraulics program TINA 
The ANTI program is written in FORTRAN, and the present version 
is running on the Burroughs B6700 computer at Risø. This report 
describes the input to the program as of October 1980. As the 
program is still undergoing development, the input is also like-
ly to be changed. The testing of the program has not yet been 
completed, and users are therefore warned that some of the 
options mentioned in the input scheme may not work in the way it 
was intended. 
ANTI is composed of two almost independent parts, the neutron 
physics part, which calculates the three-dimensional flux and 
power distributions, and the thermal-hydraulics part, including 
the model for the calculation of fuel rod temperatures. The 
power distribution from the neutron physics calculation is 
needed for the thermal-hydraulics calculation which, in turn, 
supplies to the neutronics the distributions of fuel temperature, 
moderator temperature, and moderator density. Before the start 
of transient calculations, the steady-state solution must be 
found by iteration between the two program parts. The steady-
state solution is normally saved on a file and may then be used 
as the starting point for a number of transient calculations. 
Transients are initiated by the introduction of disturbances, 
for instance, the withdrawal of a control rod as in the test case 
included in the present report. Because of the long computing 
time (several hours on B6700) typical transient calculations 
will be split up into a number of shorter jobs and all data 
saved on a file at the end of each run to make a restart 
possible. 
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The power distribution found as the steady-state solution may 
be used optionally for burnup calculations. In this case the 
steady-state calculation is repeated a number of times at 
specified time intervals, and the burnup distribution is cal-
culated under the assumption that the power distribution in-
between is constant. In order that burnup calculations are 
possible, tables of coefficients for the neutron cross sections 
must be pre-calculated as functions of both burnup and the 
average boron concentration during burnup. 
In addition to the input description given in Chapter 4 of this 
report, Chapter 2 gives a description of the data files used by 
the program. The neutron cross section expressions are described 
in Chapter 3. The understanding of some input parameters re-
quires knowledge of the theoretical background of che program; 
in such cases a reference to the relevant report will be given 
in the input scheme. 
A block diagram showing the subroutines ot ANTI is included as 
Appendix A. 
Finally, an input example is given for a steady-state calculation 
in Appendix B and for a transient calculation in Appendix C. 
The results of the example are described in Ref. 12. 
2. DATA STORAGE ON FILES 
The ANTI program makes use of a number of files during execution. 
Apart from the standard input and output files (FILE 5 and FILE 6) 
all the files of the present version are disk files. 
Two different kinds of disk files exist: 
1) internal files, used for the reduction of fast memory 
requirements during execution, and 
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2) external files, used for storage of information to be kept 
after the run has finished. 
Both types of files are defined inside the program, but their 
size, given in the file declaration, may be too small for the 
problem in question. On the Burroughs B6700 the space allocated 
to a file is determined by the values of the file attributes, 
MAXRECSIZE, BLOCKSIZE, AREASIZE, and AREAS. These values may be 
changed by means of a file specification card to suit the space 
requirements of the problem (for details, see the Burroughs 
B6700 manuals). 
In the following the files used by ANTI are described, and the 
default file attributes set in the program are given. 
FILE 1, MAIN 
This file is used for internal storage of data by the neutron 
physics part of the program. The file attribute values required 
are 
MAXRECSIZE = BLOCKSIZE = MN ^ 
AREASIZE x AREAS = {18 + NG) x 
MN 
NN: number of nodes 
MN: number of nodes held in the fast memory at a time 
NG: number of delayed neutron groups 
Default values: MAXRECSIZE - BLOCKSIZE = 30, AREASIZE = 60, 
AREAS = 9 . 
FILE 3, COEF 
Used for storing the coefficients for the neutron cross section 
expressions. 
MAXRECSIZE • BLOCKSIZE = ICONST 
AREASIZE X AREAS = 2 x NBU x NMP x ITAB 
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ICONST: number of coefficients 
ITAB: number of different material zones 
NBU: number of buraup values 
NMP: number of mean poison values 
Default values: MAXRECSIZE = BL0CKSI2E = 60, AREASIZE = 10, 
AREAS = 80. 
FILE 4, SUMS 
During transient calculations a number of key variables may be 
written on this file (if ISOM > 0 is specified in the input). 
At the end of the calculation the contents of the file are 
printed out as a table. The length of the file differs from 
case to case; two records are written each time the output 
routines are called. 
If the output is printed N times for a run, 
AREASIZE X AREAS = 2 X N 
Default values: MAXRECSIZE • BLOCKSIZE = 90, AREASIZE = 10, 
AREAS - 20. 
FILE 8, PLOTFIL 
On option, the information needed for plotting a number of 
variables as functions of time can be written on this file. 
One record is written per time step. The file is kept as a 
permanent disk file after the calculation for use by the 
program PLOTPRG . 
Default values: MAXRECSIZE = 12, BLOCKSIZE = 360, AREASIZE - 30, 
AREAS - 1000, i.e. the number of time steps allowed for is 
30 x 1000 - 30,000. 
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FILE 9, BUXSEC 
Used only for burnup calculations. This file contains the burnup-
dependent neutron cross section coefficients for each node. 
MAXRECSIZE = BLOCKSIZE = ICONST 
AREASIZE X AREAS = 2 X NN 
ICONST: number of coefficients in the cross section expressions. 
NN: number of nodes. 
Default values: MAXRECSIZE = BLOCKSIZE = SO, AREASIZE = 84, 
AREAS - 40. 
FILE 11 and 12, GDMP and NDMP 
Dump files. Used for dumping most of the data held in COMMON 
areas and internal files at the end of a run in order to make 
a restart possible. The size of the file depends on the problem 
size, but the space allocated by the default file attributes 
will normally be sufficient for the accumulation of 2 - 3 dumps 
on a file. 
Default values: MAXRECSIZE = BLOCKSIZE = 210, AREASIZE = 50, 
AREAS = 20. 
FILE 14, TRMARRAY 
This file is used for internal storage of the contents of a 
large array, TRM, which is used in the hydraulic part of the 
program. The file attributes required are 
MAXRECSIZE = BLOCKSIZE * % (4NC + NB)(3(4NC + NB) + 1) 
AREASIZE X AREAS * NMESH 
NC: number of channels 
NB: number of boundaries 
NMESH:number of axial mesh-points 
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Default values: MAXRECSIZE « BLOCKSIZE * 4S90, AREASIZE * 1, 
AREAS « 51. 
3. NEUTRON CROSS SECTIONS 
For the calculation of the flux and power distributions, the 
neutronics part of the ANTI program requires one set of two 
group cross sections per material composition. These parameters 
may be expressed as functions of fuel temperature, moderator 
temperature, moderator density, and boron content of the moder-
ator. In the present version of the program, three different 
cross section representations exist, and the value or the input 
variable ICONST specifies the choice between them. ICONST can 
have the values 8, 33, or 43. The generation of coefficients 
for the cross section expressions is described in Ref. 14. 
ICONST = 8 
In case ICONST = 8 the neutron cross sections are given as 
constants for each material zone, and feedback to the neutronics 
calculation from the hydraulics is therefore not possible. The 
eight constants that are to be given as input are 
D : diffusion constant for the fast neutron group (cm) 
2 
D : - - thermal neutron group (cm) 
downscattering cross section (cm ) 
absorption cross section, fast group (cm ) 
, thermal group (cm ) 
rl2 
S 
C1 
a 
r2 
Ja 
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vZ. : production cross section, fast group (caT ) 
v£2 - - thermal group (caf X) 
v : number of neutrons released per fission 
ICOMST « 33 
If ICOMST * 33 the cross sections are described as functions of 
fuel temperature T., moderator density p , and moderator boron 
content B . The eight cross sections given above are expressed 
in the following font: 
D1 « c, (1 • c,R • c,R2) 
-2* T ^r 
D2 c4 (1 • c5R • c6»2 • c?R3) (1 + CjB) 
Eg2« c9 (1 • C1QR • CX1R2 • C 1 2 R 3> < X * C13T> <* • ci4B> 
Ea * c15 ( 1 + C16R * C 1 7 R 2 ) ( 1 * C18T) ( 1 * C19B) 
I* » C20 (1 • C21R • C22R2> • C23B (1 + c24R) 
i\ « c25 (1 • c26R + c2? 
2 
[f * C28 (1 + C29R * C30" ' T V31" %* " **32 
:33 
The parameters are 
R - PB - Pt 
B » B_ - B_ 
» »
 /Tf " /Tfo 
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where the reference values T_ , p_ . and B ^  must be given as 
to mo mo 
input. The 33 constants c, - c,3are read as input for each zone 
to determine its neutron physical properties. 
ICONST =43 
If ICONST = 43 the cross sections are functions of fuel tempera-
ture T-, moderator temperature T , and moderator density p . 
t m m 
The cross section expressions are 
D1 =
 Cl(l + c2pm + c3pm2) [1 + c4(TmQ - Tm)] 
°
2
 -
 c5 + c6pm + c7pm 2 + c8pm3 + c9 Pm(Tno " V + 
c10pm(Tmo " V 2 + cllpm2 (Tmo " Tm ) + c12(Tmo " V + 
c13 (Tmo " V 2 + c14 (Tmo " V 3 
E S 2 - c15 + c16(Tmo " V + c17(Tmo " V ^ + c18pm + c19 p m 2 + 
(c20 + c21pm + c22 pm 2 ) ( / Tf " ^fc 5 
Za * c23 + C24pm + c25pn>2 +(c26 + c27pm + C28pm} ^ V ^ f o * 
Ea " c29(1 + c30pm + C31 pm 2 ) [ 1 + c32(Tmo " T»> * 
c33(Tmo- V 2 ) 
vlj = c34(l + c35Pin + a36pm2) [1 + c37(Tmo - Tm) ] 
vEj = c38(l • c39Pjn + c40pm2)[l + c41(Tmo - TJ + 
c 4 2 ( T m o - V 2 ] 
v - c43 
Tmo and Tfo a r e re^erence temperatures specified in the input 
and the 43 coefficients c. - c... are given as input for each 
zone. 
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4. INPUT DATA DESCRIPTION 
The ANTI program reads input data from punched cards. For con-
venience in checking the input it is printed out card-by-card 
by the input routines. At the end of each input routine most of 
the input variables are printed again, this time with a brief 
explanation. The input is divided into five main categories: 
1. Initial Input, read by the subroutine START at the beginning 
of every job. 
2. Steady-State Input, read by the subroutines START, BASIN 
(neu-ronics) and INPUT (hydraulics and fuel rod model). Not 
read if the job is a restart from a previous calculation. 
3. Burnup Input, read by. the subroutine BURN. Required only 
for burnup calculations. 
4. Initial Dynamics Input, read by the subroutine PUTND. 
Required at the start of transient calculations; omitted if 
the transient is continued by restarting from a dumpfile. 
5. Dynamics Input, read by the subroutine DYNIN. Always 
required for dynamic calculations. 
In the description the input is separated into smaller parts. 
At the beginning of each part it is told when this part is 
required to be present. 
Indication of card shift: 
For each variable a format is given. 
A new card always starts in column one and there are no blanks 
between formats. 
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i.l. Initial Input 
Program control parameters 
Required to be present if: Always 
Read from subroutine : START 
Pages 14 - 16 
Variable Format Description 
TEX(1-13) 13A6 The heading text 
ITYP 15 Indicates which parts of the program 
are to be used. 
If ITYP = 0 : no calculations. The 
contents of the summary 
file (FILE 4) are printed 
as a table. 
If ITYP = 1 : coupled neutronics and 
thermal-hydraulics cal-
culation, 
neutronics only 
hydraulics only 
If ITYP = 2 
If ITYP = 3 
MAXT 15 Integration time. 
If MAXT > 0 : in seconds 
If MAXT < 0 : in milliseconds 
(MAXT « 0 : steady-state calculation) 
MAXP 15 Maximum computing time (minutes). 
If MAXP _> 0 : elapsed time is measured. 
If MAXP < 0 : CPU-time is measured 
(not used in steady-state calculations). 
IGD 15 If IGD > 0 : 
If IGD = 0 
file number for restart 
data (11 or 12) 
no restart data file. 
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Step number for restart. 
If I > 0 : dynamic calculation start-
ing from time step no. I 
If I =-1 : start from steady state. 
If I < -1 : restart of burnup calcu-
lation from time step no. 
IH-
If IND > O: file number for new accumu-
lated dump (12 or 11). 
This file contains also the 
data from FILE IGD. 
If IND = 0: no new dump file is generated. 
If IND. < O: a dump file is generated on 
FILE |IND| (IND = 12 or 11), 
but without the data from 
FILE IGD. 
IND must be different from IGD. 
If ITIP >0: a file (FILE 8, PLOTFIL) is 
generated for use by the plot 
program PLOTPRG (ref. 13) 
(not used in steady—state 
calculations). 
If ISUM >0: a summary file is generated, 
containing the values of 
some key parameters as 
functions of time. At the 
end of the job the contents 
of the file are printed out 
as a table to summarize the 
calculation (not used in 
steady-state calculations). 
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NIV 15 Indicator for the print-out of computing 
time. 
If NIV = 0 : at the end of the sub-
routines called from the 
main program, the times 
(CPU, elapsed and I/O) are 
printed, in total and split 
up for the next level sub-
routines . 
If NIV = 2 : more detailed print-out of 
times. 
If NIV = 4 : the times for the sub-
routines are printed 
immediately after the sub-
routine calls (gives a lot 
of output). 
I3U 15 Burnup indicator 
If IBU = 1 : burnup calculation 
If IBU = 0 : steady-stcte or transient 
calculation (or both). 
ICOUNT 15 If ICOUNT>0: the program will start a 
new problem when this one 
has finished. 
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4.2. Input for Steady-State Calculation 
Initial steady-state input. 
Required to be present, if : IGD = 0 
Read from subroutine : START 
Paae 17 
Variable Format Description 
NN 15 No. of nodes 
MN 15 No. of nodes held in the fast memory at 
a time. 
NN must be divisible with MN. 
NG 15 No. of delayed neutron groups. 
1 < NG < 6 
IPR 15 Neutronics output option, steady state. 
If IPR = 0 : Mean and peak values are 
printed 
If IPR = 1 : The same as for IPR = 0, 
but horizontal and vertical 
distributions are printed 
too. 
If IPR = 2 : The same as for IPR = 1, 
but full nodal distribution 
is also printed. 
JPR 15 Steady-state output option 
If JPR = 0: Output at the end of steady-
state iterations 
If JPR = 1: Output for each of the 
steady-state iterations. 
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Neulronics input for steady state 
Required to be present, if : IGD = 0 
Read from subroutine : BASIN 
Pages 19 - 30 
This input is arranged in card groups. The card groups have 
numbers. Before every card group there must be a card with the 
card group number. 
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Card group no. 5 
Geometric description 
Variable Format Description 
15 No. cf card group (=5) 
I MAX 
JMAX 
KMAX 
15 
15 
15 
ISYM 15 
} Nodal dimensions of the represented part, of the core 
Characterizes symmetry properties of 
the core. 
If ISYM = 1 : Full core 
If ISYM = 2 : 5$ core - mirror symmetry 
If ISYM = 3 : 1/2 core-rotational symmetry 
If ISYM = 4 : 1/4 core - mirror symmetry 
If ISYM = 5 : 1/4 core - rotational 
symmetry 
If ISYM = 6 : 1/8 core 
NSYM 15 Indicates the lines of symmetry in more 
detail. 
If NSYM < 0 : channel weights required 
as input 
If NSYM = 0 : symmetry axes at node edges 
If NSYM - 1 : I-symmetry axis at node 
edges 
J-symmetry axis through 
node centres 
If NSYM * 2 : I-symmetry axis through 
node centres 
J-symmetry axis at node 
edges 
If NSYM * 3 : symmetry axes through 
node centres 
- 20 -
DX E10.3 Horizental dimension ol s node (cm) 
DZ E10.3 Vertical dimension of a node (cm) 
CENTRE E10.3 Centre of rotation for 
rotational symmetry. (ISYM = 3) 
K,WEIGHT(K) I5.E10.3 Channel weights 
|NSYMJ times Read only for NSYM < 0 
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Card group no. 10 
Power 
Variable Format Description 
15 No. of card group (=10) 
QT E10.3 Total power (full reactor core) (W) 
QMF E10.3 Fraction of fission power released 
directly in coolant. 
A E10.3 Energy released in fuel per fission (J) 
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Card group no. 15 
Nodal model (Ref. 1) 
15 No. of card group (=15) 
KOUPLE 15 Option for coupling coefficients. 
If KOUPLE = 1 : FLARE 1 
If KOUPLE = 2 : FLARE 2 
If KOUPLE = 3 : TRILUX (POLKA) 
Gl 
G2 
G3 
G4 
E10.3 
E10.3 
E10.3 
E10.3 
G-factors for coupling 
coefficients (Refs. 1 and 14) 
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Card group no. 20 
Albedo 
Variable Format Description 
15 No. of card group (=20) 
NBE 15 No. of nodal channels at core edge. 
NBE < 50 
AVT E10.3 Albedo value for the top reflector 
-1 < AVT < I 
AVB 
II (1) 
JJU) 
AH(1) 
II(NBE) 
JJ(NBE) 
AH(NBE) 
E10.3 Albedo value for the bottom reflector 
-1 < AVB < 1 
(2I5,E10.3? II(L) and .JJ(L) are the horizontal co-
ordinates (I, J), and AH(L) is the al-
bedo value for the nodal channels 
facing the reflector. 
II(L) £ 14 (any order) and 
-1 < AH(L) < 1 
(L=l, NBE) 
xThis format is repeated 3 times on each card 
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Card group no. 25 
Xenon. 
Variable Format Description 
15 No. of card group (=25) 
KSENON 15 Option for Xe correction of the cross 
sections. 
If KSENON = 0 : no xenon correction 
If KSENON = 1 : equilibrium xenon 
YJ E10.3 Iodine fractional yield per fission 
YXE E10.3 Xenon fractional yield per fission 
SJ E10.3 Decay constant for iodine (1/sec) 
SXE E10.3 Decay constant for xenon (1/sec) 
SIGXE E10.3 Xenon microscopic absorption cross 
2 
section (cm ) 
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Card group no. 30 
Control rods and Moderator boron corcentration 
Variable Format Description 
15 No. of card group (=30) 
KROD 15 Control rod representation. 
If KROD = 1: Henry's method for cross 
shaped control rods (Ref.15), 
If KROD = 2: homogenized cross sections 
for nodes containing control 
rods will be specified 
NROD 15 No. of rods inserted 
NROD < 150 
This card is read only if KROD = 1: 
SSALF1 E10.3 
SSALF2 
SSL 
SSA 
E10.3 
E10.3 
E10.3 
ratio of neutron current into the 
control rod and neutron flux at the 
control rod surface for fast and 
thermal group. 
half span of the control rod 
half thickness of the control rod 
SSN E10.3 half with of the cell containing the 
control rod 
BK E10.3 Constant used in the calculation of ab-
sorption cross section for nodes where 
a control rod is partially inserted (Ref.l) 
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E_ = I 
a, no rod + f t. rod 
where f = BK ' x 
1 + BK - x 
and x is the insertion depth of the 
control rod in the node (fully inserted 
if x = 1). 
KNR(l) I5,E10.3 Read only for NROD > 0 
|TOP(I)| , 1 = 1 , NROD is the 
T0P(1) insertion depth of the control rod in 
'. the nodal channel KNR(I), measured in 
; axial node lengths DZ. 
KNR(NROD) (any order) 
TOP(NROD) TOP < 0: the control rod is inserted 
from the top of the core. 
TOP > 0: the control rod is inserted 
from the bottom of the core. 
One pair of KNR, TOP on each card. 
CONP E10.3 Moderator boron concentration (ppm) 
KANROD 15 Control rod cross section in nodal 
channel KANROD is multiplied by CRSFAC 
CRSFAC El0.3 See above 
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Card group no. 35 
Max. no. of iterations, convergence criteria, 
Variable Format Description 
15 No. of card group (=35) 
NSMAX 15 Max. no. of inner iterations 
(in SOURCE) 
NCMAX 15 Max. no. of outer iterations (between 
neutronics and thermal-hydraulics) 
NAMAX 15 Max. no. of albedo iterations 
Inn* implemented 1 
DLS E10.3 Convergence criterion for flux and 
power 
DLK E10.3 Convergence criterion for Keff 
GAM E10.3 Iteration parameter used in SOURCE. 
EIGVB 
EIGVP 
E10.3 
E10.3 
If EIGVB = 0 and EIGVP = 0 then K ,_ 
eff 
is calculated.. 
If EIGVB * 0 then total power is 
adjusted to give K
 f f = EIGVB 
If EIGVP t 0 then boron concentration 
is adjusted to give K&ff = EIGVP. 
EIGVB and EIGVP may not both be + 0. 
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Card group no. 45 
Fuel types 
Variable Format Description 
15 No. of card group (=45) 
ITAB 15 No. of zones of different material com-
position in the core, in the following 
called "fuel types". 
ICONST 15 No. of coefficients to describe each 
fuel type. In the present version, ICONST 
may be 8, 33, or 43. 
NBU 15 No. of burnup values in cross section 
table. 
NMP 15 No. of values of mean moderator poison 
concentration during burnup in the 
table. 
This card is read only if ICONST ^ 8. 
TFREF E10.3 Reference fuel temperature (deg.C) 
TMREF E10.3 Reference moderator temperature (deg.C) 
3 
RMREF E10.3 Reference moderator density (g/cm ) 
CPREF E10.3 Reference moderator boron content (ppm) 
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BU(l-NBU) 7E10.3 Burnup values (Mw<*/The metal) 
Read only if NBU > 1 
PM(l-NMP) 7E10.3 Mean poison values (Boron ppm) 
Read only if NMP > 1 
The rest of the cards in this group will be read 
NBU x NMP x ITAB times 
M 15 Fuel type no. 
ICR 15 May either be = 0, or = 1. 
If ICR = 1: zone M may contain control 
rods described by cross 
sections. 
Constants for zone with 
control will come after the 
constants for the zone with-
out control. 
HMD E10.3 Initial heavy metal density of this 
3 
fuel type (g/cm ). 
WW(1) 7E10.3 Cross section coefficients 
WW(ICONST) 
WW(1) 7E10.3 Cross section coefficients for zone 
I with control rod. 
• Read only if ICR - 1. 
WW(ICONST) 
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Card group no. 50 
Distribution of fuel types 
Variable Format Description 
IFUEL (1) 
IFUEL(KAN) 
15 
1415 
No. of card group (=50) 
Fuel types of the bottom nodes. 
KAN is the no. of nodal channels, 
KVERT(2) 
KVERT(KMAX) 
1415 Indicates change of fuel types in ver-
tical d:' section as follows (the first 
value KVERT(l) is born -1): N=KVERT(L), 
L=l, KMAX 
(KMAX is specified in card group no« 5) 
N <. 0: the values in IFUEL are used 
N > KAW:IFUEL(K) = IFUEL (K)+l for all 
nodal channels are used. 
Other values are used as number of 
individual changes of fuel 
type in that vertical layer. 
N = 0 indicates no printout. 
I,IFUEL(I) 215 
(1=1,N) 
Only read for N between 1 and KAN (incl.) 
where N = KVERT(L), L = 1, KMAX. 
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Input for 
Required 1 
Read from 
Paaes 32 • 
steady-state 
bo be present, 
subroutine 
-49 
hydraulics. 
if : IGD = 
: INPUT 
0 
This input is arranged in card groups. 
Before every card group there must be a card with the card 
group no. on it. 
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Card group no. 5 
No. of boundaries and subchannels. 
Solution mode 
Variable Format Description 
15 No. of card group (=5) 
NC 15 No. of subchannels (NC <10) 
NB 15 No. of boundaries (NB <15) 
MODES 15 May have the value 1 which indicates 
that the general equation system is used 
otherwise it will be changed to 1. 
IBOUND 15 Boundary condition indicator. 
If IBOUND = 0 : Subchannel pressures 
specified at inlet and 
outlet. 
If IBOUND = 2 : Steady state: 
Specified subchannel 
pressures at outlet, 
average inlet mass flux 
and pressure drop across 
each subchannel. 
Transient: 
As for IBOUND = 0 
If IBOUND = 4 : Specified outlet 
pressure, inlet flow and 
(NC-1) relationships 
between the NC sub-
channel pressure drops. 
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IMIX 15 Mode of exchange between subchannels. 
If IMIX = 0 : Donor channel steam 
quality and average axial 
velocity. 
If IMIX = 1 : Average steam quality and 
axial velocity. 
If IMIX = 2 : Donor channel steam quality 
and axial velocity. 
If IMIX = 3 : Average steam quality and 
donor channel axial 
velocity. 
IEXTP 15 Extrapolation option 
If IEXTP = 0: No extrapolation 
If IEXTP = 1: Extrapolation in steady 
state but not during 
transients. 
If IEXTP = 2: Extrapolation during 
steady state as well as 
transient conditions. 
ISOLV 15 Units. 
If ISOLV = 2: Hydraulic output in MKS 
units. 
If ISOLV = -2:Hydraulic output in British 
units. 
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Card group no. 10 
Subchannels. 
Variable Format Description 
15 No. of card group (=10) 
I 15 Subchannel no. 
LB(1,1) 15 LB(L,I) is a boundary no. 
'. LC(L,I) is a subchannel no. 
LB(NND,I) 15 Subchannel 1 has boundary no. LB(L,I) 
to subchannel no. LC(L,I), L = 1,NND 
LC(1,I) 15 In the present version NND = 4 
* Redundant elements of LB and LC are put 
J equal to zero. 
LC(NND,I) 15 If channel I has, for example, only 2 
boundaries then LB(3,I), LB(4,I), 
LC(3,I) and LC(4,I) are zero. 
2 
AREA(I) E10.4 Flow area of channel I (m ) 
PRWT(I) E10.4 Wetted perimeter of channel I (m) 
PRQ(I) E10.4 Heated perimeter of channel I (m) 
This card is repeated for each subchannel, I = 1,NC. 
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Card group no. 15 
Boundaries. Read only if NB > 0. 
Variable Format Description 
15 No. of card group (=15) 
K 15 Boundary no. 
IK(K) 15 Lowest neighbour subchannel no. 
JK(K) 15 Highest neighbour subchannel no. 
(Boundary no. K between subchannels IK(K) 
and JK(K), IK(K) <JK(K)) 
SB(K) E10.4 Gap width (m) 
COFB(K) E10.4 The coefficient to Ap in the transverse 
momentum equation is 
S2DAB(K) = C* SB(K)2/*(AREA(IK(K))+AREA(JK(K))) 
If COFB(K) > 0: C*= COFB(K) 
If COFB(K) = 0: C*= 1 
If COFB(K) < 0: S2DAB(K) = -COFB(K) 
This card is repeated for each boundary., 
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Card group no. 20 
Spacer data 
Variable Format Description 
15 No of card group (=20) 
NSP 15 No. of axial spacer positions (NSP _< 12) 
XSP(K) 8E10.4 Only read if NSP * 0 
(K=1,NSP) Axial position (m) from inlet. 
Only if NSP ¥ 0 
I 15 Subchannel no. 
CSP(I,K) 7E10.4 Loss coefficient of spacer no. K in 
(K=l, NSP) subchannel no. I 
(If NSP > 7 continue on next card in 
the format 5E10.4). 
Repeat this card (or cards) for each subchannel, 
I = 1,NC. 
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Card group no. 21 
Axial area and gap size variation. 
Variable Format Description 
15 No. of card group (=21) 
NAREL 15 No. of axial positions where area vari-
ation is specified (NAREL _< 51) 
If NAREL > 0 then XARELI and ARELI 
will be read. 
XARELI(L) 
(L=l,NAREL) 
8E10.4 Only read if NAREL > 0. 
Axial positions (m) starting from inlet 
where area variation is specified. 
15 
Only if NAREL > 0 
Subchannel no. 
ARELI(I,L) 
(L=l,NAREL) 
7E10.4 Relative area of subchannel I at position 
XARELI(L). The actual area is equal to 
ARELI(I,L) multiplied by the nominal 
area of the channel AREA(I) 
(If NAREL > 7 continue on next card(s) 
in the format 8E10.4). 
This card(s) is repeated for each subchannel, I = 1,NC. 
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NSREL 15 Only read if NB * 0 
No. of axial positions where gap size 
variation is specified (NSREL _< 51) 
If NSREL > 0 then XSRELI and SRELI 
will be read. 
XSRELI (L) 
(L=l,NSREL) 
8E10.4 Only read if NSREL > 0. 
Axial position (m) starting from inlet 
where gap size variation is specified. 
K 15 
Only if NSREL > 0 
Boundary no. 
SRELI(K,L) 7E10.4 
(L=l, NSREL) 
Relative width of gap no. K at position 
XSRELI(L). The actual gap size equals 
SRELI(K,L) multiplied by the nominal 
gap size SB(K) 
(If NSREL > 7 continue on next card(s) 
in format 8E10.4) 
This card(s) is repeated for each boundary, K = 1,NB. 
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Card group no. 25 
Correlation constants I 
Variable Format Description 
15 No. of card group (=25) 
BETA E10.4 (fixing constant 
The rate of mass exchange by turbulent 
mixing is calculated as follows 
If BETA < 0: 
W = |BETA) x S x G, where S is the gap 
width and G is the mass flux average for 
the two channels. 
If BETA > 0: 
Æ W - 6* S2DAB x /| x S x G with 6 = BETA, 
S2DAB as described for card group no. 15 
(COFB), and F = f x ?2 
f" = single-phase friction factor 
_2 
$ - two-phase friction multiplier, 
average values for the two channels 
in question. 
DXMIX E10.4 Mixing distance for use in cross-flow 
boundary conditions at inlet (m) . 
The cross flow where flow enters the 
core is calculated as H11 = » " " V d + l u l ^ — ) , 
mix 
where AX_ DXMIX mix 
n is the time step no. 
At is the time step and u is the axial 
velocity at the gap. 
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CTR ElO.4 Empirical constant i 1 in the expression 
for the cross-flow resistance. 
BB ElO.4 A Single-phase friction factor 
L for channel no. I: 
AA(I) 4E10.4 | f = AA(I) x ReBB 
(1=1,NC) J 
If more than four channels, AA(I) is continued on next card 
in the format 8E10.4. 
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Card group no. 30 
Correlation constants II 
Variable Format Description 
15 No. of card group (=30) 
RKVGJ E10.4 
COl 
C02 
E10.4 
E10.4 
Constant in the expression for mean 
drift velocity of steam. 
V .. = RKVGJ x 9D 
rogtpj-pj "11/4 
where o is the surface tension, 
g is the acceleration of gravity, 
p. and p are the mass densities of 
water and steam. 
RKVGJ y 1.41. 
Constants in the expression for the 
distribution parameter C 
, -aCOl 
C = ±^£ 
° I-e"001 
+ (l-a)C02 
where a is the void fraction 
COl % 19 
C02 ^ 0.2 
If C02 = -1 the value of C Q is COl. 
VOIDC E10.4 If the void fraction a is higher than 
o - VOIDC the mean drift velocity 
V_. is calculated as 
93 
1-cx 
'gj l-ct gj,a = a 
<*„ J± O.9. c 
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RKPSI ElO.4 Flashing constant 
RCOND ElO.4 Condensation constant. 
The flashing or condensation rate I __ 
(kg/s/m ) is calculated from the 
expression 
P
 = KBC X[a(l-g)]l |AhJ 
C F
"
 c
P
( higV 2 
X is the thermal conductivity of the water 
a is the void fraction 
c is the specific heat of water at 
P 
constant pressure. 
h, is the heat of evaporation 
Ah., is the liquid superheat (subcooling 
if negative) 
D„ is the hydraulic diameter of the channel, 
(RKPSI, Ahx > 0 RCOND, Ahx < 0 
RKPSI 2L 5 " 1Q1 
RCOND % 105 
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Card group no. 32 
Fuel rod description 
Variable Format Description 
15 No. of card group (=32) 
IROD 15 Indicator for fuel rod calculation 
If IROD = 1: Nuclear rod 
If IROD = 2: Semiscale heater rod 
NMROD 15 Total number of radial mesh-points in rod 
NMGAB 15 Fuel-cladding gap at mesh-point no. NMGAP 
RODRAD E10.4 Outer radius of rod (m) 
RGAP E10.4 Radius corresponding to position of 
fuel-cladding gap (m). 
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Card group no. 35 
Boundary conditions 
Variable Format Description 
15 No. of card group (=35) 
PIN E10.4 If IBOUND (card group no. 5) = 0: 
2 
PIN is the pressure at inlet (N/m ) 
If IBOUND # 0: an estimated value of 
PIN is given. 
POUT 
HLIN 
GAVO 
El0.4 Pressure at outlet (N/m ) 
E10.4 Inlet enthalpy (J/kg) 
E10.4 If IBOUND 4 0: 
2 
GAVO is inlet mass flux (Kg/m /s) 
If IBOUND = 0: 
An estimated value is given. 
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Card group no. 36 
Pressure distribution. 
Variable Format Description 
15 No. of card group (=36) 
DPCOFl(I) 
(1=1, NO 
8E10.4 Pressure d i s t r i b u t i o n a t i n l e t . 
(Mesh point no. 1) 
DPCOFN(I) 
(1=1,NC) 
8E10.4 Pressure distribution at outlet, 
(Mesh point no. NMESH) 
The pressure in subchannel no. I at 
inlet or outlet is calculated as follows 
p(I) = K(I) p 
where at inlet : K(I) = DPC0F1(I) 
p = PIN 
outlet : K(I) = DPCOFN(I) 
p = POUT 
If p is not specified through the 
boundary conditions it is calculated as 
NC 
P = — > P(D 
NC 
- 46 -
Card group no. 37 
Power distribution 
(not 
at start 
necessarily normalized) 
the iterations will start wi 
of 
th 
iterations 
tf 
a 
this card group is omittec 
uniform power distribution 
Variable Format Description 
15 No. of card group (=37) 
NPWXIN 15 Number of points where the axial power 
distribution is specified. NPWXIN _< 51 
If NPWXIN >_ 2: 
XPWXIN and PWXIN will be read, other-
wise the power is assumed constant axially 
at the start of iterations. 
Read only if NPWXIN >_ 2 
Axial power distribution 
XPWXIN(K) is the distance from the 
bottom of the core (m). 
PWXIN(K) is the relative power at 
point K. 
PWY(I) 8E10.4 Horizontal power distribution, i.e. 
(1=1,NC) relative channel power levels. "\ 
XPWXIN(K), 8E10.4 
PWXIN(K) 
(K=l,NPWXIN) 
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Card group no. 45 
Axial detail, debug and print options 
and max. no. of iterations. 
Variable Format Description 
15 No. of card group (=45) 
NPRINT 
NX 
KDEBUG 
15 
15 
15 
Number of equidistant axial mesh-points 
at which print-out is given 
Axial detail of calculation: 
Total no. of axial mesh-points 
NMESH = 1 +• (NPRINT -1) X NX 
Printout for every NX mesh-points. 
(NMESH _< 51) 
Debug print option 
(Hydraulics) 
If KDEBUG = 0: no debug output. 
ITERAT 15 Max. no. of hydraulic steady-state 
iterations. 
JDEBUG 15 Debug print option 
(Fuel model) 
If JDEBUG = 0: no debug output. 
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Card group no. 50 
Convergence criteria. 
Variable Format Description 
15 No. of card group (=50) 
EPSSS E10.4 Hydraulic steady-state convergence 
criterion. 
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Card group no. 55 
Hydraulic channel distribution. 
Variable Format Description 
15 No. of card group (=55) 
IHYDR(J) 1615 Hydraulic channel distribution. 
(J=1,KAN) KAN is the no. of nodal channels. 
Each nodal channel J belongs to a 
hydraulic channel IHYDF(J), 
1 _< IHYDR (J) _< NC 
All nodal channels with the same value 
of IHYDR are treated as one channel in 
the hydraulics. 
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4.3. Input for Burnup Calculation 
Burnup input 
Required to be present 
Read from subroutine 
Pages 50 - 56 
if : IBU = 
: BURN 
1 
Variable Format Description 
BUS E10.3 Burnup time step (days). 
If BUS _< - 1.0 the burnup calculation 
will stop and no more input is read. 
The burnup input (and the burnup calculation) will be repeated 
until a time step BUS _< —1.0 is read. 
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I 
Input for the next steady-state calculation. After the 
burnup step the program may change certain input specifi-
cations before the calculation of the power distribution 
to be used in the next burnup time step. 
This input is arranged in card groups. Before every card group 
there must be a card with the card group number on it. 
Variable Format Description 
IGROUP(I), 8011 Specification card for burnup input. 
1=1,80 If IGROUP(I) = 1, input group no. I 
will be read. 
(Groups 5, 10, 15, 20, and 40 exist). 
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Card group 
Power 
Read only . 
no. 
Lf : 
5 
IGR0UP(5) = 1 
Variable Format Description 
15 No. of card group (=5) 
QT E10.3 Total power (full reactor core) (w) 
QMF E10.3 Fraction of fission power released 
directly in coolant 
A E10.3 Energy released in fuel per fission 
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Card group no. 10 
Control rod positions 
Read only if : 
and 
IGROUP(IO) 
noderator 
= 1 
boron 
• - ~ ' "• -
concentration. 
Variable Format Description 
NROD 15 No. of rods inserted 
NROD < 150 
KNR(l), I5,E10.3 |TOP(I)| ,1 = 1, NROD is the insertion 
TOP(l) depth of the control rod in the nodal 
1 channel KNR(I), measured in axial node 
lengths DZ. 'Any order). 
KNR(NROD), 
TOP(NROD) 
TOP < 0 : the control rod is inserted 
from the top of the core. 
TOP > 0 : the control rod is inserted 
from the bottom of the core. 
One pair of KNR, TOP on each card. 
CONP E10.3 Moderator boron concentration (ppm) 
KANROD 15 The control rod cross section in nodal 
channel KANROD is multiplied by CRSFAC. 
CRSFAC El0.3 See above 
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Card group no. 15 
Steady-state solution mode 
Read only if IGR0UP(15) = 1 
Variable Format Description 
15 No. of card group (=15) 
EIGVB 
EIGVP 
If EIGVB = 0 and EIGVP = 0 
then K
 ce is calculated, ett 
If EIGVB \ 0 then the total power is 
adjusted to give K
 ff = EIGVB. 
If EIGVP ^  0 then the boron concentration 
is adjusted to give K ,, = EIGVP. 
EIGVB and EIGVP may not both be f 0. 
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Card group no. 20 
Print options 
Read only if IGROUP(20) = 1 
Variable Format Description 
15 No. of card group (=20) 
IPR 15 Neutronics output option. 
If IPR = 0 : mean and peak values are 
printed. 
If IPR = 1 : the same as for IPR = 0, 
but horizontal and vertical 
distributions are printed 
too. 
If IPR = 2 : the same as for IPR = 1, 
but full nodal distribution 
is also printed. 
JPR 15 Output option. 
If JPR = 0 : Output at the end of the 
iterations. 
If JPR = 1 : Output for each of the 
iterations. 
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Card group no. 40 
Hydraulic 
Read only 
boundary conditions 
if IGROUP(40) = 1 
Variable Format Description 
15 No of card group (=40) 
PIN E10.4 If IBOUND = 0 : PIN is the pressure at 
inlet (N/m2). 
If IBOUND ^  0 : an estimated value of 
PIN is given. 
POUT E10.4 Pressure at outlet (N/m2) 
HLIN E10.4 Inlet enthalpy (J/kg) 
GAVO E10.4 If IBOUND =f= 0 : GAVO is inlet mass flux 
(Kg/m2/s) 
If IBOUND = 0 : an estimated value is 
given. 
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4.4. Initial Dynamics Input 
Initial dynamic 
Required to be 
' input, 
present, 
Read from subroutine 
Pages 5 8 - 6 1 
(neutronics) 
if: 
: 
Start of 
PUTKD 
dynamic calculation 
The input is arranged in card groups. 
Before every card group there must be a card with the card 
group no. on it. 
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Card group no. 5 
Feedback, integration, velocity. 
Variable Format Description 
15 No. of card group (=5) 
IFEED 15 Neutronic feedback. 
If IFEED = 1 : 
Doppler (no xenon feedback). 
If IFEED = 2 : 
Doppler and xenon. 
INTTYP 15 Option for integration method (Ref. 1). 
If INTTYP > 1 : With splitting on. 
If INTTYP £ 1 : With splitting off. 
VEL E10.0 Neutron velocity (cm/s). 
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Card group no. 10 
Step sizes. 
Variable Format Description 
15 No. of card group (=10) 
H E10.0 Initial step size (s) 
HFACT E10.0 Factor for increasing or reducing time 
step, (should be 1.0 < HFACT <. 2.0) 
JUMPP 15 The integration starts with JUMPP 
step(s) back. Normally JUMPP = 1. 
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Card group no. 15 
Fission energy distribution (Ref. 1). 
Variable Format Description 
15 No. of card group (=15) 
QUP E10.0 Prompt, fuel (J/fission) 
QUD E10.0 Delayed, fuel (J/fission) 
QMP E10.0 Prompt, moderator (J/fission) 
QMD E10.0 Delayed, moderator (J/fission) 
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Card group no. 20 
Delayed neutrons 
Variable Format Description 
15 No. of card group (=20) 
B(l) 7E10.0 B(i) is the delayed neutron fraction 
AL(1) for group I. 
I AL(l) is the decay constant (1/s). 
NG is the no. of delayed neutron groups 
; (specified in the initial steady-state 
B'(NG) input) . 
AL(NG) 
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4.5. Input for Dynamic Calculation 
Dynamic input. 
Required to be 
general. 
present. 
Read from subroutine 
Pages 62 - 64 
if: 
: 
dynamic 
DYNIN 
calculation 
Variable Format Description 
IPR IS Output option, as explained for steady 
state. 
TDIST E10.0 Time distance between call of output (s) 
(realtime). 
TLIMIT E10.0 Time distance between dump of all data (s) 
(CPU-time). 
TLIM E10.0 Time distance between call of new 
dynamic input (s) 
(realtime). 
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Dynamic input, 
Required to be 
hydraulics. 
present. 
Read from subroutine 
if: 
J 
dynamic calculation 
ITYP t 2. 
DYNIN 
and 
Variable Format Description 
DTMIN E10.4 Minimum time step allowed in hydraulics(s) 
EPSTR E10.4 Maximum relative truncation error, 
hydraulics. 
HH E10.4 Only used in run without neutronics 
(ITYP = 3). 
Simulated neutronics time step of 
constant length (s). 
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Dynamic input, neutronics. 
Required to be present, if: dynamic calculation and ITYP^3 
Read from subroutine : DYNIN 
Variable Format Description 
IPMAX 15 Max. no. of iterations per time step 
(in BACKF). 
IACC 15 No. of "good" time steps before the 
step size is increased by the factor 
HFACT. 
LMIN 15 The time step may become smaller than 
HMIN = HMAX/1000 no more than LMIN 
times in succession. 
If that max. is exceeded the run will 
be stopped. 
DPJ E10.0 Limit for relative difference between 
the flux values computed in two 
successive iterations in subroutine 
BACKF. 
When reached, iteration stops. 
ACCF E10.0 If the pred. - corr. relative difference 
is larger than ACCF x 2, step size is 
reduced by the factor 1/HFACT. 
ACG E10.0 Similar to ACCF for the small time step, 
(in SPLITF, INTTYP • 1). 
OMI 
HMAX 
E10.0 
E10.0 
Relaxation factor for flux solution 
(BACKF) (Should be 1.2 <_ OMI _< 1.7) . 
Max. step size (s) 
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Neutronics disturbances. 
Required to be present. 
Read from 
Pacres 65 -
subroutine 
67 
if: 
: 
dynamic 
DYNIN 
calculat ion 
Variable Format Description 
IGROUP(l-lO) 1011 Neutronics disturbances specification 
card. 
If IGROUP(I) = 1: 
card group no. I will be read. 
(Only nos. 5 and 10 exist). 
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Card group 
Control rod 
Read only i 
no. 5 
movements. 
f IGROUP(5) 
- — 
= 1 
Variable Format Description 
IPERT 15 No. of control rods to be moved 
TBEG E10.0 Starttime (s) 
TEND E10.0 Endtime (s) . 
NRODT 15 No. of points (TROD, XROD) (see next 
card) used to specify the control rod 
position during the movement. 
NRODT must be < 50. 
TROD(l); 2E10.0 XROD is the distance between the control 
XROD(l) rod tip position at time TROD (s) and 
the position in steady state. XROD is 
measured in axial node lengths (DZ), and 
] is negative if the rod is moved downwards, 
; positive if it is moved upwards. The 
'. position of the rod at any time is found 
by linear interpolation in the table. 
TROD(NRODT), 
XROD(NRODT) One pair of TROD, XROD on each card. 
ITOP(l) 1415 Contains the channel numbers with 
control rods to be moved. 
ITOP(IPERT) 
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Card group no. 10. 
Scramming. 
Read only if IGROUP(IO) = 1. 
Variable Format Description 
NSCRMT 15 No. of points (TSCRAM, XSCRAM) (see 
next card). 
TSCRAM (1), 2E10.0 TSCRAM and XSCRAK correspond to TROD 
XSCRAM(1) and XROD, but the scram involves all 
' other control rod channels than those 
; given in ITOP(I), 1 = 1 , IPERT 
TSCRAM(NSCRMT), 
XSCRAM(NSCRMT) One pair of TSCRAM, XSCRAM on each card. 
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Hydraulics disturbances. 
Required to be present, 
Read from 
Pages 68 -
subroutine 
74 
if: 
: 
dynamic 
DYN IN 
calculation 
This part of the input is arranged in card groups (there are 
6 groups). Only card group no. 20 and card group no. 25 have 
been tested and used in ANTI 
Variable Format Description 
IGROUP(l-35) 3511 Specification card for hydraulics 
disturbances. 
If IGROUP(I) = 1: 
indicates that card group no. I will 
be read. Groups nos. 5, 10, 20, 25, 30 
and 35 exist. 
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Card 
Inlet 
Read 
group 
. mass 
only . 
no. 5. 
flow rate or mass flux. 
Lf IGROUP(5) * 0 and IBOUND = 4. 
Variable Format Description 
IGRIDF 15 Card group no. (=5) 
NWENT 15 Number of points of time where relative 
inlet flow is specified 
(TWIN(L), 8E10.4 Read only if NWENT = 0. 
FWIN(L)), Table of corresponding values of time (s) 
L=l,NWENT and inlet flow relative to the flow at 
time = 0. The relative flow at any point 
of time is obtained by linear inter-
polation in the table. 
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Card group no. 10 
Total power 
Read only if 
(for calculations without 
IGROUP(IO) f 0 and ITYP •• 
neutronics). 
= 3 
Variable Format Description 
IGRIDF 15 Card group no. (=10) 
NQTENT 15 Number of points of time where total 
reactor thermal power is specified. 
(TQTOT(L), 8E10.4 Read Only if NQTENT f 0. 
FQTOT(L)), Table of corresponding values of time (s) 
L=l,NQTENT and reactor power relative to the power 
at time = 0. The relative reactor power 
at any time is obtained by linear inter-
polation in the table. 
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Card group 
Pressure. 
Read only 
nc 
if 
>. 20 
IGROUP(20) * 0 
Variable Format Description 
IGRIDF 15 Card group no. (=20) 
NPT 15 Indicator for pressure transient 
specification 
If NPT = 1: inlet pressure. 
If NPT = 2: outlet pressure. 
If IBOUND = 4 NPT must be 2. 
NPENT 15 Number of points of time where relative 
pressure is specified. 
(TPRESS(L), 8E10.4 Read only if NPENT =f= 0. 
PFP(D), Table of corresponding values of time (s) 
L=l, NPENT and pressure relative to the pressure 
at time = 0. The relative inlet/outlet 
pressure at any time is obtained by 
linear interpolation in the table. 
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Card group no. 
Pressure drop. 
Read 
25 
only if IGROUP(25) * 0 and IBOUND * 4. 
Variable Format Description 
IGRIDF 15 Card group no. (=25) 
NDPENT 15 Number of points of time where relative 
pressure drop is specified 
(TDP(L), 8E10.4 Read only if NDPENT = 0. 
FFDP(L)), Table of corresponding values of time (s) 
L=l,NDPENT and pressure drop across the core 
relative to the pressure at time = 0. 
The relative pressure drop at any time 
is obtained by linear interpolation in 
the table. 
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Card 
Inlet 
Read 
group no 
: mixture 
only if 
. 30 
enthalpy 
IGROUP(30) 4 0. 
Variable Format Description 
IGRIDF 15 Card group no. (=30). 
NHINEN 15 Number of points of time where the 
relative enthalpy at inlet is given. 
(THIN(L), 8E10.4 Read only if NHINEN 4 0. 
FFHIN(L)), Table of corresponding values of time (s) 
L=l, NHINEN and inlet enthalpy relative to the 
enthalpy at time = 0. The relative inlet 
enthalpy at any time is obtained by 
linear interpolation in the table. 
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Card group no. 35 
Outlet mixture enthalpy 
Read only if IGROUP(35) * 0. 
Variable Format Description 
IGRIDF 15 No. of card group (=35) 
NHEXEN 15 Number of points of time where the 
relative enthalpy at outlet is given. 
(THEX(L), 8E10.4 Read only if NHEXEN 4 0 
FFHEX(L)), Table of corresponding values of time (s) 
L=l, NHEXEN and outlet enthalpy relative to the 
enthalpy at time = 0. The relative 
enthalpy at any time is obtained by 
linear interpolation in the table. 
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HEIGHT HnHZiHTAL E ° 
0.13 0.=S> 0.5U ">.bJ 
O.S) i.»u 1.0 J 
O.JiU 
AMU* TLSTCASZ li SHALL CUHt 4 SUBCHANNELS •; ubUNO^RlES J>TA'"IC *ANT I 
POWER 
***** 
TOTAL POWER CFuLL RLACTJR Cl)RE) .45.*E^>9 W 
FRACTION Cr FlSSlUN PUriCR ULLEASEO DIRLCTL* li, COOLANT .iiijL-Ol 
ENERS* RELEASED IN FUEL PErt FlSSlUH .3UE-1U J 
NODAL MUOEL ! TRlLUX 
G-FACTORS FOR COUPLING CULFFICIENTS .170L + 01 ,300E-Ui .307E*01 .u5i>E*0l 
ALBEDO 
****** 
TOP .300E+00 QUTT-JM 0. 
3 NODAL CHANNELS AT co«e EPGE 
ALBEOU HORIZONTAL E 1 
0.03 0.')') O.OU 'J.4J 
o.v) y.oo O.*»J 
0.4L 
XENOM 
***** 
EfiUlHtSRIbM XENON 
A.M1* TLbTCASc: I l S.IALL CU*E <•' SUMChAfiNtLS i U U U N P A R I E S ^ T A T I C * / » K 7 I 
1 0 D l * t YTLLl^ . M O t - J l nECAY COI ISTMNT . i !b7E-04 SLC"i 
XEN3N YlFLD .:<OUE-J<» OECHY COHSTANT «k!09£a04 S t C - l 
XEN3N AbSUKPTMM t^OJS SEUTl-jU . J S u E r i r Cl!2 
CONTROL RUDS 
CQNTRUL RUD REPREiEnTATUiii 
? RODS IMSERTLO 
ROC IiMSfcMTlCN JERTHS I'J »JIJITS l)F .JtJUE rit IUHT5 
• NEUATlVE FrtOM TijP Ol CUHL.PoSI TI VE r'RUrt bLTTuM UF CUNE 
TOP HQRIZ-lHTål E C 
00 
0 . ) 0 O.OU O.JO , 
vi.Ou 
MODtR»TUR eC^JM CO>ICLI.T*ATlJ J O. CPrt 
CONTRJL ROO CrtOSS SEcTlQi U M-iOAL CMAijUEL 1 IS HULdPLILU dY .633E*J0 
MAXIMUM NtttbE« df- iT tF .Ar iJ . l i 
INN&R ( I N SC'J^CE) 15 J jT tR (iilTWLEN NCUTKUNitS AUD T H L H H A L - H Y O K A I I L K S > rt0 ALiiLbU <> 
CONVErfGLNCC CUTErUA 
FLUX ANL POkE* .100E-I4 KEFF .lOOt-SS 
6AMHA ITERATIJN PA*AllETt'< .6,)QE + J0 
* * * * * 
AM r i * 
KEFF I S CAUC I L A T t u 
TLSTCAb- I I SrlALL CUrtt 4 SUdCilANNtLS '• tfUUMDAR IES S T A T U • Al.TI 
DISTRIBUTION JF FUEL TYPE'S 
15 FUEL TYPES £x!ST*£ACrJ »ESCRIBED U Y 43 COtFFICl£NTi 
FUEL 1YPES T9UM StCYlOU 1 
4 10 1 ? 
10 1 7 
1 
TUEL TYPES F*OM SECTION * 
5 U 2 J 
11 2 0 
oo 
00 
FUEL TYPES FROH SCCTIUH 12 
6 12 3 i 
12 3 ? 
3 
A N U * TLSTCAii; I l S.IALL C b * t 4 SUrtWlMhNCLS n LbJIiDARlES dTATU 
INPJT FOR I l iPJT 
CARD »RUilf l ! ' l . S 
NC Mb HUJES I«Obni) M I X ICXTP I S U L V 4 4 1 5 * i ii 
CARD »RUIJP M . l i 
MHtACl) e R h T ( I ) P K u ( I ) 
. J J J ^ L - O ^ .9724E+00 .<J5B7t*00 
, 4 d t > l f 0 j . i b 5 0 £ * 0 2 . 1 3 7 4 L * 0 i : 
. U 1 3 L - V M •«*V?9li*01 . 3 4 3 ? t * O i 
. H U b l t - O l . i 5 i 6 E t 0 2 . i37 '»L*Oi i 
CAPO viRUUP NQ. 15 
I 
1 
2 
3 
4 
L l i (L» I ) . 
1 0 
1 2 
5 3 
L a l »IH') 
1) ) 
3 3 
8 5 
L C ( L » I ) . 
2 0 
1 3 
? 4 
2 3 
L"1*NNL> 
U 0 
4 t» 
3 8 
K IK<*.) JK(K> „ „SaCiO COFb(K) 
2 2 3 . j 2 p E * ) J ,10v)!)E*01 
3 2 4 . H ^ 3 1 C + J J . lOJOE+01 
4 3 « . 11>7 )£ • > j ,looOE*Ol 
CARD bROUP HO. 2 t 
NSP 
4 
X*,P(K>» K«1»NS» 
. 3 7 0 0 1 - 0 2 . 1 2 l 7 £ * 0 l . 2 4 J 3 C * 0 l . J 6 * 5 t * J l 
I CSP(!»K>* <M1# I4SP 
1 .4000F+01 .lt»00£*Jl . lS0JL*Ol O)0uL*00 
2 .«00 ( '? *01 . i :>0 '>t> j i . i!»noC*<.»l o o y u E * 0 0 
3 %4<>00r*'Ji . I S O O O J I . 1 5 0 j E * 0 l .5000L + O0 
4 .Al»OOE*Ot .I500t + Jl .150JE+31 .50001*00 
CÉRD »ROUP HO. i i l 
NARtL 
NSRtL 
O 
CARD »RUl l f JiO. JS 
AN TI * T L S T C A S L i l SrtALL CURt <t S U ' K M A N N L L S 4 bUUNOARlES »TATIC * M . H I 
BETA u<nIX CTR . 8H AA( I )» I « l i i < t , , « . . 
- . 2 0 v ) 0 t - 0 1 . l i ) 0 0 £ * O l . 1JJ-JE*01 - , 2 0 u O t * 0 0 . 184yt'*00 . l t ,«GL*00 .U40fc*OU . l d # O t * 0 0 
C ARC uROlik fil, 3> 
RhVCJ CUl C02 VJlOC HKPSI . KCdUO 
0. . 10»>GE*Ol -.UOjE+Ol ,*0OUE*O0 ,bO)Ot*03 .lOuOt+06 
CARD »ROUP ll'J. 3* 
1R00 NHROO NMSAP BdDRAj RQAp 
J 4 3 .!»339C«<J4 ,4f42E-02 
CARO uROUP NO. 3"S 
PlM PDUT HLiy iiAyo 
.1SS1L4-06 .1551C+08 .1241C+07 .3<USt*04 
CARO (iROUP Hfl. Jo 
DPCOMCl). I«1.NC 
•lOOOt+01 ,l00o£*Ol .MJ.|E*Ol .10uO£*01 
OPCOFN(I)« I-l.iC 
•lOyOk+01 .1000£*Ul .WwgC+01 tlOOUE*Ol 
CARO tiRO'JP 11-1. j' 
VØ 
o 
NPWXIN 
6 
o. _ •2oov£+u2 .7JOOE*OO .rooot*oo . ;500E*o 
.36501*01 .2000C+00 
PMY(1>» I«1»NC 
,10ttOt + 01 .1250001 ,Cdv>')C*O0 ./UuOfc*Oo 
CARO låROlir HH. 45 
NPRlNT l,X KUCBUNJ ITERAT JUfBUfi 
16 1 1 ?0 1 
i .ouooL+oo .2^oot*oi , r5o^t*oo »lyuoL+oi .6*QOE*OI, 
A \ r l * TLSTcAj,. I l SMALL ILML «• SUHCI IAHULLS «4 uLUNDARiEi, JJTATIC • AI,T I 
CARD URUliP r"l . L> ) 
EfSSS 
.10J3L-C«! 
CARO aRLUP I I O , U5 
i H Y D R ( j ) . J - l . K A N 
1 2 i i\ 2 2 4 <• 
* • • EUO Of INP.JT FOK MKijT * • * 
i 
ANT I * TLSTtA!»t I I SHALL CU*t >i SUHCiiAI.NELS H ULUNOARIES J > T A T R »MUT! 
S0LJT13N KOUE 
THE GfcMtSAL EJUATMN SYsTtM IS USED 
BOUNDARY COM01TIOU luClCATUrt I901MD * 4 
SPECIFKn OUTLET PsE5SU*t» I .^LET FLOW AND NC-1 KCLATlUNShlPS LLTWEEN THE NC SUbCHANNEL PhEi,SUKE LRUPS. 
MCOE OF EXCHANGE brITUCCM SJdCHAh'ltLS * MJUUR CHANNEL iTLAI! QUALITY - AVLfUliC AXlAL V E L U U T Y 
EXTRAPOLATION OPTInn « EXTRAPOLATION I N STLADY STATE.BUT UuT DURING THAiiSILllTS 
HYDRAULIC OUTPUT IN IlKS U.1IT$ 
SUBCHANNELS 
NUMBE* OF SUBCHANNELS 4 £ 
SUBCHANNEL NO HA* bUU«JyA«Y NO TU SUBCHANNEL HO 
1 1 2 
i 1 
2 i « 
3 i i 
t i i 
SUBCHANNEL FLOW ARLA (MJ) WETTEU PthlHETEH CM) ULATED PtKlHETErt (H) HYUKAULlC DIAMLTLK CM) 
1 .3132E—J2 *9T2*£+00 .(iSfci'E+OO »l2U7€»ol 
i :rml-1\ :liiSB3i :l|5SES8f : ! !««:« 
A .4*5IE->1 .lb56E*v>^ .lJ*4E*02 .1247E-U1 
BOUNDARIES 
NUH8E* OF BOUNDARIES -» 
K) 
AMTl* TujTCAi'^ I l S'IALL l U i t 'l iUHC.iMl;'«Cl.S s BOUNDARIES O T H T I C • * H T I 
BOUMOHRY f.^ BuTULUl SU>1*.'tAljNEi.S *»AP WIUTM CH) t»K CULfTICiEUT in Ti;*wsVt'Ri>L MUi-iLNTult Ew. 
1 1 A.JJ ? .IU7')L'-»W0 C* • . lv/OOf>01 
3 2 Ai^ > 4 .42to l ! *uu C* • . 1 J U O E * O I 
A 3 M l j <4 .lU7v)L>JO C* " t i i " *UE*Ul 
SPACERS 
NUM3F.H UF SPACERS 4 
SPACE* NO AXIAU PUSiriJ>< <M) K« J-I IHLET CHANUCt NU LOSS CflCFK U I E . j T 
1 . j n . ) C - 0 2 1 .4<)OOE*Hl 
,40 i )0E*ui 
, 4 O O O E * J I 
• l j i r o o i i .i?opt»^i 
J . 1 5 0 0 E » i 
4 , 15lH>E*^l 
. - M i j E + O l 1 • 1S00E*<J1 
4 . 1*0(>E*»U 
. 3 i 4 5 E * 0 l 1 ,5i)OOE*w>0 
i ,5000C*JO 
3 ,3O00É*JO 
4 , WOOE*«O 
CORRELATION C3*ST**Ti 
M I X I M W * 
MASS EtCHA^GL Ur T J W J L E N T " ( I X I N U 
H* • a£TA«5»C 
BETA • .20 )01 . -01 
M i x ! * * CISTAKE Fu* USE M w*i)SS-FLJ* I J U J I Q A I I Y C O ' ^ I T I i H AT JUWLT 
D*H1< * . 1 >Ov>E* »1 1 
CROSS-FLOk. FEilSTA^CL CjETFlclENT CUlSTAiT 
CTR « . 1 0 0 J E * ^ i 
i 
10 
A * U * TLSTcAj i { I S.lALL CU«t H SuaCHANNUS <» UUJNOARlEs »TATK » M T ! 
SlNSLt fM*St r^ ICTlUL FACrjrt 
F a A(I)«HE**b 
A (CHANNELS I- 4) .144e*00 .!*<»L*i> .iSME+OO .1MML*U0 
B •-.2300L*00 
CONSTANT fQP »EAN ORlFT VtLJClTY ur STEA* 
RKVGJ »0. 
VOIO wlriT FOR MEAN uKlfT YtLOCITr .»OjOt^OO 
DISTRIBUTION PARAHCTkiR CO a ,1000E*Oi 
FLASHING CONSTANT .5).).>E*06 
CONOr'tSATlON CONSTANT .l')J)E^06 
FUEL *0L r-ESCRlRTIQN 
TOTAL NUMtlEF 3F RAOlAL M£Sr*-POlNTS * 
NUHdEK Or HESrt-POlNTS IN F J C L 2 
NUH81* UF MESH-POlMTS lH C L A O O I N G 1 
FUEL-CLADtlt.S 6AR AT 'iCSi-PolNT 3 
OUTER RADIUS 'JF RcO .5j5«fc-tf2 >i 
FUEL-CLAOHM'i QAP AT RA'JIUS ,H7«4t~0;i I 
BOUXD*«* CONOITIOUS 
ESTI * *T tO PPESSURL AT I«4L£T . 1 J 5 1 E * J « 1 t/M 
A N f l * TLuTCAb^ I I SHALL CU^t n SUiCiUNNtLS
 H t>UJNDA*IES S T A T U *AHTI 
PPESSJRt AT 1JTLET , l b 5 l £ + J(J * / H 2 
INLET WATIR £ iTHAu^Y ,1*11Z + >J7 J/KG 
INLET HASS FLJX .3445E+J4 Kii/112 S 
PRESSURt r iSTRIHUT lOU AT I ^ T 
CHANNEL 1 2 3 4 
.13")E*01 . I J O C + l l . l l O t + J l . lOOE + .U 
pRESSJRt uisTRiauTiui. AT ojfLEr 
CHANNEL 1 2 3 4 
. 1 0 0 E * 0 1 .13JE-»)1 . i 0 3 E * d l . 1 0 0 t + ) l 
POWER D ISTRHUTIOU AT STArtT i F ITERATION* (NUT NUHHALlZtO) 
* * * * * * * * * * * * * * * * * * i 
M0RI7UNT4L J w 
CHAMI.EL 1 2 3 , , H i 
.10iE*01 .125L+01 ,J8)t*00 .7d0t*00 
AXIAL » 
OISTAMCL fRe^ 90TT'1M UF CJrtc <M> 
0. .fDOE+10 .150c*)l .22d£ + ..>l .290c + :)l .365t*0i 
POWER 
• 20JE*aO • ^ 0 « J E * O 0 • d O J i * f O . 7 5 J £ * j u . b S u t + OJ .2JJE*>>u 
NUMBER UF AXIAL MLSH-POI.US 
* * * * * * * * * * * * * * * * * * * * * * * * * * * 
NI ESH * 16 
HYDRAJLlC STEADY-iTATi l CJ.J'.'cRGENCi C* lTL-» lJN 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Ef £SS = . 1 ) 0 u E - ) 4 
I 
A * T I * T L S T C A ^ L I I SMALL C lHt 4 S U H C I U U U C L S H iiUJN0A9t£S »TATlC » M U T I 
MAX.NUMBEK OF HYDRAULIC STEADY-STATE ITC4ATI0US 20 
PRINT OPTlOKS»r»YOBAU«.ICS 
*-
v
 * * * * * * * * * * * * * * * * * * * * * * 
PRINTOUT FCR EVERY i .IEv-1-POI^TS 
0EBU6 PRli:T O P T I O M S 
KCEBU« • 1 (HTJRAiJLlCS) 
JLECU3 » 1 ( T j c L MQOtL) 
HYDRAULIC CHANNEL »ISTRtS'JTlQN 
HYDRAULIC CHA.<NEU> 
1 2 3 4 , 
vo 2 i 4 £ 
i 
4 
ANTI* TEST CA^F: n STA«T UF THMNSILNT 
INPJT FOR 5T*RT 
* * * * * * * * * * * * * * * 
ITYP MAxT l-UXP 1 ^ 
1 5 - 3 ) n - i J iUt) IT1P ISUH NIV IBU I C U U H T 11 O O O vi O 
*** ENU OF INP;lT ?Q* START *** 
I M I t M I | t l l | I H t t | M " * H I I | l | I H t M I I I I I I | H I M l l l l H l l l l | l l < M t l M I M M M | ) M l M I M I 
DUMP - 1 
H 
C 
rt 
W 
V 
M 
<D 
M 
Z 
O 
w X 
n 
o 
w 
VO 
ANTI* TEST C.MJL I I 
INITIAL lUPUT 
STArJT UF TKANSltNT • A iJT I 
»••a************************* 
RESTAKT STrp NO -1 
FROM FILE NO Id 
MtUTRtiNlC TYNAHICS 
MYDHAULlC DYNAMICS 
INTEGRATION TIME : 
5.000 SEC 
COMPUTATION TIME : 
1 8 0 0 . 0 0 0 SEC CPi.i 
DUM«* ON FILE NO 1 
(ACCUHULATED) 
NUMBE* OF MOOES . , . 
NUMiEK OF NODES HLLD IN T.tu FAST MEMORY «T A TIME 
OF DELAYED NEUTRJM .irtjUPS NUMBER 113 6 
vp 
00 
A M U * TEST CASE II STAKT i)F T*MMSlLNT 
INPUT FUR PUT.IJ 
CARD uROur no. 5 
IFEtO INTTYP 
1 1 
V
'EL 
CARO URO'JP IM. 10 
H HFACT 
•lOUE'Ol .2*0E*»U 
JUHPP 
1 
CARD »ROUP ill. 15 
tttjP y ID J'lP willL) 
, 2 9 i E - i O . 2 2 7 E - 1 ! .V13w-12 .134C-12 
CARj) (»ROUP NT. 25 
B<J>» ALCJ) . J « l . U i 
. 2 « D t - 0 3 . 1 2 1 E - H . i 2 i C - i ) 2 .J05E-O1 . 1 3 0 E - 0 * 
• 30 i ) t -o3 . J 3 t E * U 
* * * E«*U I F INP JT FQ* i»JT;jP * * * 
• H < T J 
I 
»o 
I 
. 1 H E * J U .250E-02 .Jo lE*OJ . 9 0 0 E - 0 * , l U r » f > l 
ASf1* TEST CAit II 
OVNAMlC INPUT. SPtCIAL 
STAUT UF T K M S I L H T 
NEURONICS 
NEUTHJNlc FLED4ACK l OOPPLCR (NU XL FEEDBACK) 
INTEGRATION WIT.I SPLITTING OFF 
• .<20t*06 t;Vi. 
• . ioot:*Ji s 
NEUTRON VELOCITY 
INITIAL STEP SIZE 
START NlTH 1 SUP tUCK 
FACTOR FOR iHCREASlNti UR REDUCING TME STEP • .400C+01 
FISSIUN ENERGY QISTRiaUTIdrJ 
PROMPT » FUEL I 
DELATED # FUEL I 
PROMPT » MUDERATj.) » 
CELAYEO » MUDE*AT.J,< t 
• 293E-1>> J/FISSION 
.227E-H J/rXSSI'JN 
.913E-W J/FISSUH 
. 10-41-W J/FISSION 
OELAVEO NEUTRONS 
NUH9ER OF OLLArEJ ^EUTRO.4 iRQijPS 
6R0JB NO. 
1 
? 
A 
5 
6 
DELAYED NÉUT.tJM FRACTION 
.13)2-0? 
.25)4-02 
.9^4-03 
•30JC-Q3 
UCCAY CONSTANT 
.124L-01 J/S 
.303^-01 J/S 
.UlE*00 l/S 
.30H*v)0 J/S 
.UAS*OJ j/s 
•JOlE+Dl I/S 
ANTI* TEST CASE I I STArtT JF TrfANSlLUT 
INPJT FOR OY4lN* I 
» a * * * * * * * * * * * * * * * 
IP«* 
9 
TOUT TLIMIT TwIM 
. 100E-O1 .500E+J4 *lr>')Z+02 
JTKIN EPSTR „ <H 
,10O£*Ol . lOOE*00 0 . 
IPMAV IACC 1 * 1 * 
2? 5 SO 
OPJ ACCP ACS Oill HMAX 
•2S»E-02 . 500E-02 . 1 0 Q £ - ) 3 . l 2 J £ * J l . lOUE-Ol 
* * * CNO OF INPtjT * * * 
• A N T I 
i 
H O 
I 
A*U* TEST CASE II 
DYNAMIC IK PUT. GEl.^ RAL 
STAUT JF TRAnlSlLHT 
NEUTRUNIcS CUT»ijT OPTION 
MEAN AND PEAK VALULS ARE PRINTED 
HORIZONTAL M O VERTICAL DISTRIBUTIONS ARE PrtlNTfcO 
FULL NODAL DISTKIUUTIiU IS PRINTEO 
TIHE DISTANCE 4CTHCEH * 
QUTPUT O.OlJOJ 
UUKP 50)0.OOJOO 
•4EXY INPUT 1 0 . 0 0 0 0 3 
S 
s 
s 
REAL Tint 
CPO TIHE 
REAL Tint 
HYDRAULICS 
MINIMUM TIHE STEP 
MAXIMUM RELATIVE TRUUCATIJ.1 ERRGR 
FIXEO STfP COMLr USED IF «^J iEuTRjNICS) 
o.uiuooo 
J.OOOOOO 
•ANTI 
NEURONICS 
CONVERGENCE CRlTERiaW»BAwKF 
PRE")ICTO« COKRcCTOR LHhQH CulTtRIQN 
ERROR CRITERIUUSHAUL T M E ST£P 
RELAX FACTOR 
MAXIMUM TIHE STFP.HHMX 
MAXIMUM tiii, UF iTERATlUNb 
NO, OF GOUC *TtPS BErONE STLP INCREAbt 
MAXIMUM NU. OF STEPS S M L L E K ThAN HMAX/IOOO 
o 
0*002500 
0.003000 
0.000100 
1,200000 
0,010000 
25 
5 
50 
AMI* TEST CA5C 11 START OT TWJMSJLNT 
INPUT FUR UYNlN.II 
NEUTA-JNICS OISTURUAMCLU St»&C IF ICATIUii CAHO 
OOOOI OOOOO 
CARD tåftOllP NO. S 
IPi«T TtfCG TfcHD 
NROOT 
9 
TRJO(I) XHOO(I) I-l.NfluOT 
• IWt+fiZ .1400£*0£ 
I T O N O 1«1*!PCRT 
••• END OF INPUT ••• 
•ANT i 
O 
A * f l * TEST CAS!". I I STArtT IF Trt*NSlL *T 
NCUTRJXlrS CUTURUAIICLS 
co»tr«uc nuo *J*É:MCNT& 
STARTUNr t Q,fWni).M «» 
CNOTIMC l tO,00>09u $ 
THE« ARE t CHMIhCLS < lu . 
C3NThuL RO* MflVLHClT < j j ) 
OtO'tOOO 
1«.0<>OOQ 
l») WITH COHTRUL HUDS TO dt HUVtD 
CUHULSHONUING U H U CS> 
O.OytNO 
lO.OOOYO 
A * l l « TEST CAi»£ »I S T U H T Or TH*NSll.NT 
INPUT run cv^iN.ui 
MYDfttOlICS UISTijMwAKCCS }>r»UlFKATION C*HU 
OQOOO 30UCO OO.JOn 00 >Oj OOOOO OOOviU OOUOO 
• • • rr<o or INPUT TOR UY^IN • * • 
• A . 4 T I 
I 
o 
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